Abdominal surgery can cause significant postoperative pain and associated morbidity. Systemic opioids often contribute to side-effects such as sedation, respiratory depression, nausea and vomiting. Postoperative epidural analgesia offers superior analgesia and reduced pulmonary morbidity compared to systemic analgesia 1 , however several reports have alluded to a recent decline in its utilisation following abdominal surgery [2] [3] [4] . This has occurred on a background of large clinical trials that have failed to demonstrate improved survival following major surgery 1, 5 and large studies focusing on morbidity due to epidural analgesia [6] [7] [8] . Although neurological disability following central neuraxial block is rare, medicolegal concerns can dominate clinical decision-making regarding anaesthesia options. Postoperative epidural analgesia requires ongoing clinical care and surveillance, whereas systemic opioids may have less demand on clinical resources. Furthermore, there is a current trend towards minimally invasive surgical procedures, hence an increasing role for emerging less invasive analgesia techniques.
One less invasive analgesic technique is transversus abdominis plane (TAP) block. This technique involves injection of local anaesthetic into the fascial plane between internal oblique and transversus abdominis muscles, where the thoracolumbar nerves T6 to L1 course before innervating the anterior abdominal wall 9 . Results from three randomised control trials, utilising anatomical landmark techniques have Comparison of extent of sensory block following posterior and subcostal approaches to ultrasound-guided transversus abdominis plane block T SuMMARy Transversus abdominis plane block provides postoperative analgesia following abdominal surgery by targeting thoracolumbar nerves between the internal oblique and transversus abdominis muscles. Posterior and subcostal approaches using ultrasound guidance have been described. However, there have been inconsistent results in relation to the extent of the sensory block. This observational study evaluated the distributions of sensory block following either a posterior or subcostal approach and the quality of analgesia achieved. Following ethics committee approval, 50 patients undergoing minimally invasive and major abdominal surgery were recruited. A total of 81 transversus abdominis plane blocks were performed preoperatively under real-time ultrasound guidance. Postoperatively, patients received multimodal analgesia including morphine via patient-controlled pumps. Ninety-eight percent of patients had some degree of demonstrable sensory block and the dermatomal spread differed between posterior and subcostal approaches (P <0.001). The posterior approach produced a median sensory block of three dermatomal segments (interquartile range 2 to 4), the most cephalad being T10 (interquartile range T9 to T10), while the subcostal approach blocked a median of four segments (interquartile range 3 to 5), the most cephalad being T8 (interquartile range T7 to T9, P <0.001). Maximum dermatomal block distribution was observed at 30 minutes and usually regressed by 24 hours. Median cumulative morphine consumption was 40.8 mg (interquartile range 17 to 50 mg) at 24 hours. Median pain scores at rest and with coughing were 20 (interquartile range 10 to 35) and 50 (interquartile range 29 to 67) respectively at 24 hours. The posterior approach appears to be more appropriate for lower abdominal surgery and the subcostal approach better suited to upper abdominal surgery. Whichever approach is used, transversus abdominis plane block is only one component of a multimodal analgesic technique. demonstrated that TAP block is an opioid-sparing technique 10-12 . This technique described by McDonnell and colleagues requires identification of the lumbar triangle of Petit, followed by needle insertion until a double-pop sensation is perceived in order to locate the transversus abdominis plane. Hebbard and colleagues subsequently described the use of realtime ultrasound guidance for TAP block, via standard (posterior) and oblique subcostal approaches 13, 14 . More recently, several investigators have published similarly favourable results using an ultrasoundguided TAP block [15] [16] [17] . However, the extent of sensory block that can be achieved by TAP block is unclear 14, [18] [19] [20] . Different approaches may produce different distributions of sensory block, which in turn may influence the efficacy of TAP block for a given surgical procedure. Therefore, the goal of this current prospective observational clinical study was first, to investigate the extent of sensory block achieved following ultrasound-guided TAP block using both the posterior and subcostal approaches, and second, to evaluate the quality of analgesia provided.
MATeRiALS AND MeTHODS
Following approval from the Human Research and ethics Committee of St Vincent's Hospital, Melbourne, 50 patients scheduled for abdominal and trunk surgery were recruited into this prospective observational trial. Written informed consent was obtained from each patient. Surgical procedures ranged from minimally invasive to major abdominal or trunk surgery, all of which required hospital admission for at least one night postoperatively. exclusion criteria included allergy to amide local anaesthetics or morphine and inability to communicate in english.
All patients were sedated with midazolam 1 to 2 mg and fentanyl 50 to 100 g intravenously. TAP block was performed by one of three trial investigators (TL, DW, MB) using a standardised technique, utilising real-time ultrasound guidance (Logiq-e, Ge Healthcare, Chalfont St Giles, Bucks, uK) with a 12L-RS linear probe (7 to 13 MHz) covered with a protective plastic sheath. An in-plane needle to ultrasound beam alignment technique was used and the approach to TAP block determined by the site of surgical incision. For incisions below the umbilicus, patients received the posterior approach to TAP block, where an ultrasound probe was placed in transverse orientation over the anterolateral aspect of the abdominal wall between the iliac crest and costal margin ( Figure 1A ). For incisions extending above the umbilicus, patients received a subcostal approach where the ultrasound probe was placed over the anterior abdominal wall immediately inferior and parallel to the costal margin ( Figure 1B) . The external oblique, internal oblique and transversus abdominis muscles (the three lateral abdominal wall muscles) were identified and the TAP noted between the inner two muscle layers. To provide further orientation, the rectus abdominis muscle was identified medially and the probe then moved laterally until the aponeuroses of the three lateral abdominal wall muscles (linea semilunaris) were noted. Further lateral movement of the ultrasound probe demonstrated the corresponding lateral abdominal wall muscles providing confirmation of sonographic anatomy. using real-time ultrasound guidance, a 150 mm short-bevel needle (20G Stimuplex, B. Braun, Mengelsun, Germany) was advanced using an in-plane technique from an initial anteromedial position at skin entry, to a more posterolateral position in the TAP for both techniques. For the posterior approach the injection in the TAP was approximately at the mid-axillary line, whereas for the subcostal approach the injections were more anterior but lateral to the linea semiluminaris. For both techniques the sonographic endpoint for injection was visualisation of the needle tip in the TAP and subsequently the expansion of the intermuscular plane by the injectate ( Figure 1C ). The approximate probe position with needle orientation and corresponding sonogram is demonstrated in Figure 1A and 1B for the posterior and subcostal techniques respectively. Poorly-defined expansion of injectate within muscle necessitated needle redirection until the endpoint was achieved. All patients received 20 ml of ropivacaine 1% for unilateral block or 20 ml of ropivacaine 0.5% to each side for bilateral block. Bilateral TAP block was performed for surgical incisions involving both sides of the midline. Baseline sensory assessment was undertaken prior to TAP block to confirm intact pain and temperature sensation. This sensory assessment (using pinprick and ice) was then repeated at 30 minutes following TAP block, in the post-anaesthesia care unit, at six and at 24 hours postoperatively. A student researcher (TT) who had received prior training in the performance of these measurements performed all sensory assessments. The observer was present during performance of TAP blocks. The technique used involved mapping the area of diminished sensation in a parasagittal plane 5 cm lateral to the midline, with repeated application of pinprick and cold stimuli at 1 cm intervals along this cephalocaudal plane. Any area of diminished sensation was then compared to standard dermatome charts where the xiphoid process indicated the T6 dermatome, the umbilicus T10 and the inguinal ligament L1. The lateral extent of sensory block was also assessed, relative to a parasagittal plane passing through the anterior superior iliac spine.
General or neuraxial regional anaesthesia was subsequently provided by the attending anaesthetist and any further intraoperative analgesia was titrated to clinical variables. Surgeons were requested not to administer any local anaesthetic as skin or wound infiltration. Patients were subsequently prescribed morphine via patient-controlled analgesia pump for 24 hours in addition to adjunctive analgesics including paracetamol, tramadol (Tramal, CSL Limited, Parkville, Vic.) and parecoxib (Dynastat, Pfizer, Sydney, NSW) as multimodal analgesia unless contraindicated.
Other data collected included the quality of sonographic imaging classified as: high qualitycharacterised by well-defined intermuscular planes, needle visualisation and elliptical-shaped distribution of injectate within the TAP; intermediate quality -characterised when the abdominal wall muscles were identified but needle visualisation or intended injectate distribution was not continuously achieved; and low quality -characterised by a poorly-defined TAP, difficulty with needle visualisation and inability to identify distribution of injectate. Procedural discomfort as reported by each patient was measured using an 11-point numerical rating scale, where zero represented "no discomfort" and 10 represented "most severe pain" during block placement. Postoperatively the following endpoints were recorded: cumulative morphine consumption and pain scores at rest and with coughing (using a visual analogue scale: 0 to 100 mm) both at 24 hours following TAP block placement.
Statistical analysis was performed using Stata 10 (StatCorp, College Station, TX, uSA). Data are expressed as mean (SD) for parametric data or median (interquartile range, iQR) for skewed data. Separate analyses are provided for all right-and left-sided TAP blocks, to exclude any paired data. Fisher's exact test was used to compare the overall distribution of sensory block, while Wilcoxon ranksum test was used to compare the total number of dermatomal segments blocked and the highest segments involved. P <0.05 was deemed to be statistically significant.
ReSuLTS
Patient characteristics and TAP block approaches are shown in Table 1 . This included 38 left-sided and 43 right-sided TAP blocks. Following TAP block placement, 49 out of 50 patients (98%) had some degree of demonstrable sensory block. Two distinct patterns in the distribution of dermatomes blocked were apparent following posterior and subcostal TAP block. Figure 2 depicts the frequency at which individual dermatomes were blocked at 30 minutes following TAP block placement. Posterior TAP block commonly (greater than 60% of blocks) produced sensory block of T10 to T12, whereas the subcostal approach commonly produced a block of T9 to T11 dermatomes. There was a difference in the overall distribution of dermatomes blocked by the posterior and subcostal approaches statistically. This distribution was similar following sensory testing with pin-prick and ice. in 94% of patients, sensory block did not extend lateral to a parasagittal plane passing through the anterior superior iliac spine.
The median number of dermatomal segments blocked at 30 minutes, as tested using pinprick was three (iQR 2 to 4) and four (iQR 3 to 5) for the posterior and subcostal approaches respectively. This difference between the two approaches did not achieve statistical significance, with P=0.083 for right-sided blocks and P=0.197 for left-sided blocks. However, when left and right sides were combined, the subcostal approach resulted in more segments being blocked when compared to the posterior approach (P=0.031). The highest dermatome blocked was T10 (iQR T9 to T10) for the posterior approach, which was significantly different to T8 (iQR T7 to T9) for the subcostal approach (P <0.001 for both left-and right-sided blocks). The maximum extent of block was observed at 30 minutes for posterior and subcostal TAP blocks. Regression occurred over the ensuing 24 hours, for posterior TAP block ( Figure 3 ) and subcostal TAP block (Figure 4 ). There was a small proportion of patients who had some residual block at 24 hours and an even smaller proportion of patients who may have had cephalad extension of the block between the 30-minute and six-hour time points.
The quality of sonographic images was: high 45 (55.6%), intermediate 27 (33.3%) and low 9 (11.1%). Median procedural discomfort experienced by patients was 1.0 (iQR 0 to 2). Median cumulative morphine consumption was 40.8 mg (iQR 17 to 50 mg) at 24 hours. Median pain scores at rest and with coughing were 20 (iQR 10 to 35) and 50 (iQR 29 to 67) respectively at 24 hours.
DiSCuSSiON
in this clinical study, subcostal TAP block produced a sensory block that was characterised by involvement of more cephalad dermatomes and increased number of dermatomes compared to the posterior approach to the TAP block. The technical success rate following ultrasound-guided TAP block was 98% overall as assessed by the presence of sensory block.
Following posterior TAP block, the most cephalad sensory level observed in this study was T10, which is consistent with other reports 14, 19, 20 . in a series of cadaver dissections, Rozen and colleagues determined that the thoracolumbar nerves originating from between T9 and L1 are located between the costal margin and inguinal ligament, posterior to the anterior axillary line, and are therefore the segments which are most likely to be blocked following TAP injection 9 . using dye injection in cadavers via the posterior approach, T10 was involved in only 50% of specimens, while T11 and T12 were involved in 100% of specimens. The T9 nerve was not stained by dye in any of the 16 hemi-abdominal walls. Therefore, it appears that a consistent block above T10 cannot be expected following ultrasound-guided posterior TAP block and this approach should be reserved for abdominal surgery with infra-umbilical incisions. Furthermore, inconsistent blocking of the L1 nerves was found in this study in the posterior TAP injection group. The ilio-hypogastric and ilio-inguinal nerves enter the TAP by passing through transversus abdominis from the deep surface. The point of perforation of the transversus muscle is subject to variation although the nerves are always found in the TAP superior to the anterior superior iliac spine. it is not until above the anterior third portion of the iliac crest that the nerves are found reliably in the TAP 21 . it is likely that a more anterior placement of the posterior TAP injection, close to the iliac crest, would improve blockade of the L1 nerves.
Following subcostal TAP block, the most cephalad sensory level achieved was the T8 dermatome in contrast to T10 for the posterior approach, which achieved statistical significance. However, when comparing the number of dermatomes blocked for each needle approach, statistical significance (P=0.031) was achieved only when both left-and right-sided blocks were combined (n=81). Although the difference of one segment may not be of clinical significance, the distribution of the sensory block in the two techniques were different with the subcostal approach extending to the upper abdominal dermatomes, while the posterior approach extends towards the inguinal region. Therefore, the subcostal TAP block is more appropriate for patients having incisions extending above the umbilicus. in a cadaver model, multiple injections and hydrodissection improved the spread of injectate compared with a single-injection technique 22 . if the findings of that study apply to in vivo techniques, then this improved spread of local anaesthetic across several thoracolumbar nerves and wider sensory block may potentially improve analgesia. This is particularly relevant for the ultrasound-guided subcostal approach.
in addition to using a multiple-injection technique lateral to the linea semilunaris in the lateral abdominal wall muscles, the injection can begin more medially in the posterior rectus sheath or between the transversus abdominis and rectus abdominis in the upper abdomen 14 . This technique increased the spread of dye in one cadaver model 22 . However, a specific comparison of different injection techniques has not been conducted clinically. (Anecdotally, in order to achieve more extensive dermatomal blockade, the authors have found that local anaesthetic should be deposited obliquely across multiple thoracolumbar nerves as they course inferomedially beyond the costal margin). Further developments in technique and modifications to needle approach and injectate deposition, overlapping with rectus sheath and ilio-inguinal blocks, may enable anaesthetists to better tailor the extent of sensory blockade for particular surgical operations. if a correspondingly wide field of block can be achieved, the ultrasound-guided TAP block may have versatility and potentially broad application for abdominal and inguinal surgery.
The use of real-time ultrasound permits precise and reliable deposition of local anaesthetic within the target plane by providing an objective and reproducible sonographic endpoint. Two authors have commented on the technical difficulty in conducting posterior TAP block via the landmark technique and blind needling, particularly in obese patients and those with anatomical variation 23, 24 . The results achieved by McDonnell and colleagues demonstrated the benefits of reduced pain scores and reduced opioid requirements from TAP block [10] [11] [12] . However, these results may not be generalisable to many anaesthetists, who are without similar expertise, given that only four operators were responsible for the combined total of 264 block placements. While the acquisition of skills in manipulating an ultrasound probe and manual dexterity are necessary for conducting ultrasound-guided procedures, the single-injection TAP block is otherwise a basic level technique. Furthermore, the execution of subcostal TAP block, including hydrodissection, would not ordinarily be possible without real-time visualisation of the advancing block needle.
Beyond improvements in efficacy, ultrasound may enhance the safety of regional anaesthesia compared with blind techniques. Although TAP block is a superficial technique, where the target depth is usually between 1 and 3 cm, there is a small but finite risk of complications involving underlying abdominal viscera. One such case of liver trauma has been reported following the landmark technique 25 ; another case report involved intraperitoneal catheterisation 26 . This further supports the use of ultrasound and real-time visualisation for TAP block, in order to avoid penetrating the peritoneum and in turn minimising traumatic complications. This trial is limited by the lack of a comparator group, potentially low statistical power and the heterogeneity of study patients. Therefore, caution should be taken in the interpretation of cumulative morphine consumption and analgesic efficacy. The fact that study patients have required a median consumption of over 40 mg morphine at 24 hours despite receiving TAP block with demonstrable sensory blockade suggests that a multimodal analgesia strategy is still required postoperatively. Many study patients (34%) underwent unilateral inguinal hernia repairs, which would not usually warrant morphine patient-controlled analgesia pumps; the absence of L1 block in some patients may have contributed to the morphine consumption in this group (33 mg [iQR 14.5 to 45.5 mg]). Multimodal analgesia should also be prescribed given that only the somatic component, not visceral component, of pain is attenuated by TAP block. interestingly, the quality of sensory block recorded was nearly always diminished sensation, rather than absent sensation or surgical anaesthesia, even though concentrated local anaesthetic (ropivacaine 0.5% or 1%) was used for all patients. in the authors' opinion, individual thoracolumbar nerves are usually difficult to identify on sonography and thus circumneural local anaesthetic spread is generally not achievable as a sonographic endpoint. Because TAP block is a field block requiring relatively large injectate volumes, rather than a selective nerve block, confidence with successful block of specific segments does not approach that for targeted peripheral nerve and plexus block. The rate of involvement of segmental nerves following the 20 ml injectate into the TAP is reduced compared to the sensory block following 20 ml of injectate in the epidural space.
Several issues remain unresolved regarding TAP block: the concentration and volume of local anaesthetic for maximal dermatomal coverage and duration, whether previous abdominal surgery and scarring restricts the distribution of local anaesthetic, the efficacy of thoracolumbar nerve blockade and if single-injection TAP blocks (or catheters) offer comparable analgesia to epidurals. ultimately, further randomised controlled trials comparing ultrasound-guided TAP block to conventional types of analgesia will be required. Additional data and clinical experience will further define the role of this regional analgesic technique.
in conclusion, ultrasound-guided TAP block with 20 ml of local anaesthetic provides a relatively narrow sensory block that varies according to the approach used with a subcostal approach resulting in a wider and more cephalad dermatomal spread compared to the posterior approach. Whichever approach is used, TAP block is only one component of a multimodal analgesic technique.
